Abstract Diffusion Tensor MRI (DTI) is a special MR imaging technique where the second order symmetric diffusion tensors that are correlated with the underlying fibrous structure (eg. the nerves in brain), are computed based on Diffusion Weighted MR Images (DWI). DTI is the only in vivo imaging technique that provides information about the network of nerves in brain. The computed tensors describe the local diffusion pattern of water molecules via a 3D Gaussian distribution in space. The most common analysis and visualization technique is tractography, which is a numerical integration of the principal diffusion direction (PDD) that attempts to reconstruct fibers as streamlines. Despite its simplicity and ease of interpretation, tractography algorithms suffer from several drawbacks mainly due to ignoring the information in the underlying spatial distribution but using the PDD only. An alternative to tractography is connectivity which aims at computing probabilistic connectivity maps based on the above mentioned 3D Gaussian distribution as described by the DTI data. However, the computational cost is high and the resulting maps are usually hard to visualize and interpret. This chapter discusses these two approaches and introduces two new tractography techniques, namely the Lattice-of-Springs (LoS) method that exploits the connectivity approach and the Split & Merge Tractography (SMT) that attempts to combine the advantages of tractography and connectivity.
Introduction
Proton self-diffusion provides inherent tissue contrast in MRI, which is utilized in diffusion-weighted imaging (DWI) [1, 2] . Since the early 1990s DWI has been used successfully for the diagnostic work up of acute stroke patients [3, 4] and later also for abscesses [5] and Creutzfeld Jacob disease (CJD) [6] . In biological tissue, such as brain white matter (WM), diffusion is normally anisotropic [7] ; that is, the mobility of diffusing protons is different if measured along different directions. While WM appears homogeneous on conventional imaging, its underlying tissue structure is truly more complex and comprises a complex network of axonal bundles routing electrophysiological signals from and to cortical regions, as well as basal ganglia, the cerebellum, and the periphery. A large number of pathological processes target WM structures and can have critical impact on the well-being of a patient. It has been shown that certain WM abnormalities, such as multiple sclerosis (MS) [8] or amyotrophic lateral sclerosis (ALS) [9] , as well as genetically defined psychiatric disorders, such as fragile X syndrome [10, 11] , or velocardiofacial syndrome [12] are paralleled by reduced diffusion anisotropy. In fact, in some of these diseases, diffusion anisotropy changes occur much earlier than any other abnormality seen in conventional imaging. Altered diffusion might therefore be a helpful factor that needs to be considered for earlier diagnosis that in turn would provide access to more advanced treatment options. In addition, the understanding how different areas of the brain connect to each other is not only of great interest for basic neuroscientists but also for clinicians to further their knowledge on how diseases and injuries might alter functional and anatomical connectivity, which ultimately could improve diagnosis and treatment.
In the past, the interrogation of WM fiber tracts could only be performed invasively and normally destroyed the tissue [13, 14, 15, 16] . Various methods have been tested in animal studies, but clinically there exists no test to image axonal fiber paths. Several years ago diffusion tensor imaging (DTI) [17, 18, 19] , an improved variant of DWI, has been introduced to quantify diffusion anisotropy. In DTI, it is widely assumed that the significant diffusion anisotropy is due mostly to the restriction the myelin sheaths impose on water protons as they diffuse across axons. Conversely, diffusion along the axons demonstrates more or less no restriction. This highly anisotropic diffusion property lays the foundation of DT-MRI analysis and visualization techniques, specifically of fiber tracking [20, 21, 22] . However, it is of utmost importance to understand what the DT-MRI signal represents in order to develop adequate analysis and visualization methods and understand the shortcomings of tractography. DT-MRI measures the average signal attenuation within a small subvolume (i.e. a voxel) due to water molecules spinning out-of-phase.
The basis of MRI is to perturb the water molecules (the dipoles) that were aligned in a constant magnetic field (B 0 ≈ 1−7Tesla) and let them re-orient themselves with B 0 during which the dipoles rotate around B 0 according to the Bloch's Equation.
This rotation causes a temporal change in total magnetic field which induces a timevarying current at the receiving coils of the MR scanner. The time it takes for the dipoles to fully relax depends on the environment (i.e. the tissue). Thus, the amount
